(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 253 721 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

30.10.2002 Bulletin 2002/44 

(21) Application number: 02396052.9 

(22) Date of filing: 11.04.2002 



(51) intci.7: H04B 1/16, H04H 1/00 



(84) Designated Contracting States: 


(72) Inventor: Tahtinen, llkka 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


20810 Turku (Fl) 


MC NL PT SE TR 




Designated Extension States: 


(74) Representative: Kuplainen, Juhani Kalervo 


AL LT LV MK RO Si 


Berggren Oy Ab 




P.O. Box 16 


(30) Priority: 11.04.2001 Fl 20010760 


00101 Helsinki (Fl) 


(71) Applicant: Nokia Corporation 




02150 Espoo (Fl) 





(54) Method for receiving a radio frequency (RF) receiver and RF receiver 



(57) The invention relates generally to a method and 
an arrangement for receiving a radio frequency (RF) sig- 
nal and an RF receiver. Particularly the invention relates 
to controlling and reducing power consumption in a ra- 
dio receiver. The invention can advantageously be ap- 
plied in receiving arrangements of radio systems, 
wherein information is transferred in bursts, such as a 
receiver of Digital Video Broadcasting (DVB) system. 



According to the invention, during the time between two 
bursts the power supply is maintained in at least in some 
parts of the phase locked loop PLL (240), while one or 
several other parts (202, 204. 224, 225, 230, 262. 270) 
of the receiver are turned off for a certain time period 
between the two bursts. The present invention enables 
fast tuner lock-in time and still offers a considerable sav- 
ing in total power consumption of the receiver 
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1 

Description 

[0001] The invention relates generally to a method 
and an arrangement for receiving a radio frequency (RF) 
signal, and an RF receiver. Particularly the invention re- 
lates to controlling and reducing power consumption in 
a radio receiver. 

[0002] In the following, DVB system and DVB receiv- 
ers are described as examples, although the use of the 
invention is not restricted to the DVB system. Digital vid- 
eo broadcasting has been under development, and it is 
seen to gradually replace the analog broadcasting sys- 
tems. This is because of its ability to offer new types of 
services and better quality of service. Digital Video 
Broadcasting has been under standardisation by Euro- 
pean Broadcasting Union (EBU) and European Tele- 
communications Standards Institute (ETSI) that have 
created a DVB standard ETS 300 800. In the digital 
broadcasting system data is transferred in bursts within 
determined time slots. The modulation is e.g. Orthogo- 
nal Frequency Division Multiplex (OFDM) modulation. 
[0003] With digital video broadcasting it is possible to 
achieve a good quality data transfer even if the receiver 
is mobile. Therefore the mobile applications of terrestrial 
DVB (DVB-T) will be important. However, the mobile 
DVB receivers should be small-sized and lightweight 
with small-sized batteries. Also, the available time of op- 
eration between charging the batteries should be long. 
In achieving this, the power consumption of mobile DVB 
receivers may become a problem. 
[0004] Atypical DVB receiver tuner comprises RF IG's 
(integrated circuits) and discrete RF blocks. Most of the 
tuner IG's are operated with +5 V power supply. If the 
power supply is provided by a low voltage battery (3.7 
V), the supply voltage for RF parts must be generated 
using a voltage converter. While the transmission of da- 
ta consists of bursts, it would be possible to turn off the 
receiver for the period of time between the bursts. This 
kind of solutions are described in patent documents US 
5 878 336 and US 5 51 5 364. However, there are certain 
problems related with applying these solutions in a DVB 
receiver. Firstly, the period between two consecutive 
bursts may be short and the tuner cannot be switched 
off, during the transmission break. 
[0005] A further problem is related to a certain type of 
step-up converter. Even If the converter is switched off, 
the output voltage of the converter does not drop down 
to zero. The remaining supply voltage appears also in 
the tuner power supply line and consumes power. 
[0006] It is an objective of this invention to provide a 
receiving method and a receiver that offers solutions to 
the prior art problems. Especially, it is an object of this 
invention to provide a solution for reducing a power con- 
sumption of the receiver, and still to maintain stable re- 
ceiving conditions. 

[0007] The objectives of the invention are fulfilled by 
providing a procedure, in which parts of a receiver can 
be separately turned on/off. The invention is partly 



based on a discovery that power consumption can be 
reduced by switching an RF block partially on/off. The 
power is maintained at least some parts of the phase 
locked loop, while the power Is switched off from other 

5 parts of the receiver. This Is because tuner recovery 
from power-down to ready-to-receive-data time is main- 
ly originated by the PLL lock-in time. According to the 
embodied invention, during the time between two bursts 
the power supply is maintained in at least in some parts 

10 of the phase locked loop, while one or several other 
parts of the receiver are turned off. If there are no trans- 
mission breaks/bursts to be received for a longer period 
of time, then even the phase locked loop is advanta- 
geously turned off. 

15 [0008] The invention can be implemented by, for ex- 
ample powering the phase locked loop directly from a 
low voltage battery (such as +3,7 V). Other RF parts of 
the tuner can be powered using step-up converter to 
generate tuner supply voltage (+5 V). Tuner supply volt- 

20 age can be switched off during the periods between the 
bursts, keeping the phase locked loop powered. The de- 
modulator may also be switched off during the period 
between the bursts by, for example, controlling an inter- 
nal switch off function. Another voltage converter is 

25 needed for generating the high tuning voltage for the 
VCO (voltage controlled oscillator). Tuning voltage con- 
verter may also be switched off during the time between 
two bursts/transmission breaks. Both voltage convert- 
ers can be controlled using a common control signal, if 

30 the settling time of the tuning voltage converter is ade- 
quate. 

[0009] The present invention enables fast tuner lock- 
In time and still offers a considerable saving in total pow- 
er consumption of the receiver 

35 [0010] In accordance with a first aspect of the inven- 
tion, there is provided a method for receiving multi-car- 
rier radio frequency signals that include modulated in- 
formation, wherein the method comprises a step for 
maintaining a power of at least one part of a powered 

40 receiver while turning off the power from another receiv- 
er part depending on a state of a transmission. 
[001 1] In accordance with a second aspect of the in- 
vention, there is provided a method for receiving radio 
frequency signals that include modulated information, 

45 wherein the said radio frequency signals appear as 
bursts, and the method comprises the steps of produc- 
ing a local frequency signal with an oscillator, controlling 
the frequency of said oscillator with a phase locked loop, 
mixing the input signal with the local frequency signal 

50 for producing an intermediate frequency signal, and de- 
modulating the intermediate frequency signal for pro- 
ducing a data stream of said infomiatlon, and supplying 
power for the receiver means providing said method 
steps, wherein during a period between receiving two 

55 consecutive bursts the method further comprises the 
step of supplying continuously power to the means pro- 
viding the step of demodulation, and the step of turning 
off the supply power for a determined period of time from 
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a receiver part providing another of said steps for receiv- 
ing, 

[0012] In accordance with a third aspect of the inven- 
tion, there is provided a receiver for receiving and 
processing multi-carrier radio frequency signals that in- 
clude modulated Information, wherein the receiver com- 
prises means for keeping at least a part of the receiver 
powered depending on a state of a transmission, and a 
controller for turning off supply power from another re- 
ceiver part for a determined time depending on a state 
of the transmission. 

[0013] In accordance with a fourth aspect of the in- 
vention, there is provided a receiver for receiving and 
processing radio frequency signals that include modu- 
lated information, wherein the said radio frequency sig- 
nals appear as bursts, the receiver comprising an oscil- 
lator for producing a local frequency signal, a phase 
locked loop for controlling the frequency of the local fre- 
quency signal, a mixer for mixing the input signal with 
the local frequency signal for producing an intermediate 
frequency signal, and a demodulator for producing a da- 
ta stream of said information, and a power supply for 
supplying power for the receiver, wherein the receiver 
comprises means for keeping at least a part of the phase 
locked loop powered during a period between two con- 
secutive bursts to be received, and means for turning 
off the supply power from another receiver part for de- 
termined time during said period between two consec- 
utive bursts to be received. 

[0014] Preferred embodiments of the invention are 
presented in dependent claims. 
[0015] The term "phase locked loop" is often under- 
stood to include the controlled oscillator for producing 
the output signal. However, in this text, a "phase locked 
loop" is considered to include the control parts, and the 
controllable oscillator is not considered be included in 
the term. This definition is due to the fact that the oscil- 
lator is advantageously located in an integrated circuit 
together with the mixer, while the control parts are locat- 
ed in a separate integrated circuit. 
[0016] The term "burst" is often understood to com- 
prise a discontinuous transmission. However, in the 
DVB or broadcast context the "burst" can be applied for 
continuous transmission with transmission breaks or 
breaks in data transmission both in the DVB transmis- 
sion. 

[0017] In the following, the invention is described in 
more detail by means of the attached drawings in which 

Fig. 1 illustrates a flow diagram of an example for 
method according to the invention, 

Fig. 2 illustrates an example of a receiver according 
to the invention. 

Fig. 3 illustrates an example of a power supply ar- 
rangement of a receiver according to the 
present invention. 
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[0018] Figure 1 illustrates a flow diagram of an exam- 
ple for a method according to the invention. When there 
is a data transmission to be received, 101, all receiver 
parts are turned on, step 102. A burst is then received 
5 on step 103, and after receiving the burst the step-up 
converters and the demodulator are turned off, 105, 

106. However, at (east some parts of the phase locked 
loop remain powered. The next burst is then awaited, 

107. Since the RF signal processing of the receiver is 
10 in off state, the receiver cannot monitor the appearance 

of the next burst, so the receiver must have the informa- 
tion on the time instant when the next burst is to be re- 
ceived. This information may, for example, be based on 
predetermined time intervals between the bursts. When 

15 the next burst is to be received, 107, the step-up con- 
verters and the demodulator are switched on, 108, 109, 
and the next burst is received, 103. 
[0019] When there is no further data to be received, 
104, all RF signal processing parts of the receiver may 

20 be turned off. 110. However, the receiver should then 
have information on when new data is to be received, 
111. Alternatively the receiver may periodically switch 
on the tuner and check, whether there is new data to be 
received. 

25 [0020] Figure 2 illustrates an example of a receiver 
according to the present invention, The RF signal is re- 
ceived from the radio interface with an antenna 201 , and 
the received signal is amplified in an pre-amplifier 202. 
The signal is then filtered with a band-pass type tracking 

30 filter 203, and again amplified in a variable gain AGC 
(Automatic Gain Control) amplifier 204, After filtering 
with band-pass type tracking filters 205 and 206, the sig- 
nal is led to a mixer 234. A voltage controlled oscillator 
231 provides a local oscillator signal to the second input 

35 of the mixer. An intermediate frequency signal from the 
mixer output is amplified, 237, and filtered with selective 
SAW (Surface Acoustic Wave) band-pass filter 261 . The 
filtered signal is amplified with an I F amplifier 262, which 
gives a feedback control signal for the AGC amplifier 

40 204. The amplified IF signal is led to a demodulator 270 
that demodulates the intermediate frequency signal into 
a transport bit stream corresponding to the information 
that has been modulated into the RF signal. The demod- 
ulator may include several functional blocks such as an 

45 Analog-to-Digital converter AD, a Fast Fourier Trans- 
former FFT, Fonvard Enror Correction unit FEC. a chan- 
nel correlation unit CH. COR., a channel estimator CH. 
EST., an AGC unit, an interface for a 12C bus. and an 
output buffer for the transport stream TS OUT. 

50 [0021] Next the function of a simplified synthesizer cir- 
cuit according to Figure 2 is shortly explained. The syn- 
thesizer of the receiver comprises a PLL (Phase Locked 
Loop) 240, which controls the VCO (Voltage Controlled 
Oscillator) 231, the output signal of which is amplified 

S5 by the amplifier 236 in order to generate the output sig- 
nal for the PLL. The frequency of the signal provided by 
the oscillator 231 is divided In a dual modulus frequency 
divider comprising pre-scaler 242a and counters 242b. 
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The resulting signal is led to the phase comparator 243. 
Correspondingly, the signal generated by the reference 
oscillator 258 is amplified, 244, and the frequency of the 
reference oscillator, e.g. 10.16666 MHz, is divided down 
to comparison frequency 245, and further supplied to 
the second input of the phase comparator 243. The 
phase comparator outputs a signal which Is proportional 
to the phase difference of said two Input signals, where- 
by the output signal is supplied to a low pass filter 246. 
and the filtered signal will further control frequency of 
the voltage controlled oscillator 231. The described 
phase locked loop operates in a known way so that the 
output frequency of the synthesiser is locked to the fre- 
quency coming to the phase comparator from the refer- 
ence frequency branch. The output frequency is control- 
led by setting a value for the divisor N. This control Is 
made e.g. by the demodulator through an I2C control 
bus. 

[0022] Low voltage battery 221 of e.g. 3,7 V, the volt- 
age of which is converted to tuner supply voltage and 
VCO tuning voltage using two separate step-up convert- 
ers. The first step-up converter 284 supplies e.g. (+5 V) 
supply voltage, and the second step-up converter sup- 
plies e.g. the (+28 V) tuning voltage. The step-up con- 
verters are turned on/off with "power switch" control sig- 
nals 284 and 285, respectively. The power switch con- 
trol signals are received, for example, from a controller 
unit 280. The control unit may also control the demod- 
ulator to on/off states with a further power switch signal 
281 . or through the I2C bus. 

[0023] Figure 3 illustrates how the power supply is 
connected to different parts of the receiver that is illus- 
trated in Figure 2. The low voltage IC 240 comprising 
the phase locked loop Is connected directly to the bat- 
tery power supply 221, as well as the voltage step-up 
converters 224 and 225 and the demodulator IC 270. 
Other RF IC's and RF blocks are connected to the tuner 
power supply. Tuner power supply voltage (+5 V) and 
tuning voltage (+28 V) are generated in step-up convert- 
ers 224 and 225. During a data transmission break the 
step-up converters 224 and 225 and the demodulator 
IC 270 are switched down using a separate power down 
pin. All devices connected to the tuner power supply (+5 
V) are therefore switched off. The IC for the phase 
locked loop being connected directly to the battery pow- 
er supply 221 remains ready to lock-in. in the transmis- 
sion channel frequency. The demodulator retains all the 
previously used parameters such as the code rate, con- 
stellation, guard interval and channel estimation during 
the data transmission break. 

[0024] The two step-up converters can be controlled 
separately, either controlling the +5V step-up converter 
or both +5 V and +28 V step-up converters. The phase 
locked loop IC can also be turned down (if this feature 
supported) from power down switch (IC pin) or via 12c- 
bus (software) during a longer transmission break. Step- 
up converters can be controlled from a separate (power) 
controller or logic, shown In Figure 2. However, the pow- 



er may alternatively be switched down using the demod- 
ulator I/O -port. 

[0025] In one embodiment of the present invention the 
receiver Includes a part, preferably an Integrated circuit, 

5 which has an internal capability of switching off the IC if 
the supply power decreases below the supply voltage 
minimum value. The switch controlling the power can be 
implemented Inside the IC Itself. This way, even If the 
step-up converter provide a non-zero output voltage, the 

10 IC is switched off internally and does not consume pow- 
er. 

[0026] The construction of the control unit of the re- 
ceiver is not described in a greater detail. In general, the 
functions in a telecommunication receiver are controlled 

15 by a controller including processing capacity in the form 
of microprocessor(s) and memory in the form of memory 
circuits. Such arrangements are known as such from the 
technology of the art. To convert a known telecommuni- 
cation receiver into a telecommunication device accord- 

20 ing to the invention, it may be necessary in addition to 
the hardware changes described above, to store into the 
memory means a set of machine-readable instructions 
that Instruct the microprocessor(s) of the receiver con- 
troller to perform the control operations described 

25 above. Composing and storing into memory of such in- 
structions involves known technology which, when com- 
bined with the teachings of this patent application, is 
within the capabilities of a person skilled in the art. 
[0027] Above, an example embodiment of the solu- 

30 tion according to the invention has been described. The 
principle according to the invention can naturally be 
modified within the frame of the scope defined by the 
claims, for example, by modification of the details of the 
implementation and ranges of use. 

35 [0028] Above, DVB-T receiver is used as an example. 
However, the present invention can naturally be applied, 
in receivers of any communications system where trans- 
mission is not continuous. One example of such a sys- 
tem is Digital Audio Broadcasting (DAB) and mobile tet- 

40 ecommunlcations systems that use Time Division Mul- 
tiple Access (TDMA) technology. 
[0029] Above, some examples of values for parame- 
ters such as voltages are given. However, other alter- 
native values depending on the circuit design can natu- 

45 rally be applied. Also some circuits, such as a synthe- 
sizer circuit, are given that are only to be regarded as 
illustrative examples. 



50 Claims 

1 . A method for receiving multi-carrier radio frequency 
signals that include modulated Information, charac- 
terised in that the method comprises a step for 
55 maintaining a power of at least one part of a pow- 
ered receiver while turning off the power from an- 
other receiver part depending on a state of a trans- 
mission. 
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2. A method according to claim 1 , further comprising 
the step of applying a power down pin for switching 
down at least one of a phase locked loop (240). a 
step up converter (224, 225) and a demodulator 
(270). 5 

3. A method for receiving radio frequency signals that 
appear as bursts, the method comprising the steps 
of: 

10 

providing a local frequency signal with an oscil- 
lator (231). 

controlling the frequency of the oscillator with a 
phase locked loop (240), 

mixing (234) the input signal with the local fre- 15 
quency signal for producing an intermediate 
frequency signal, 

demodulating (270) the intermediate frequency 
signal for producing a data stream of the infor- 
mation, and 20 
supplying power (221-225) for the receiver 
means providing the method steps, character- 
ised in that the method further comprises a 
step of 

turning off the supply power for supplying con- 25 
tinuously power to the means providing the step 
of demodulation, and 

the step (105. 106) of turning off the supply 
power for a determined period of time from an- 
other receiver part provides another of said 30 
steps for receiving. 
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turned off for a determined period of time between 
receiving two consecutive bursts (105). 

9. A method according to claim 3. characterised in 
that a threshold value is determined for the voltage 
of supply power for at least one of the receiver parts, 
the voltage of the supply power is sensed in said at 
least one receiver part, and the operation of said 
receiver part is internally turned off when the value 
of said supply voltage is lower than said determined 
threshold value for the supply voltage. 

10. A method according to claim 3, further comprising 
the step of applying a power down pin IC for turning 
down at least one of the phase locked loop (240), a 
step up converter (224, 225) and the demodulator 
(270). 

11. A receiver for receiving and processing multi-carrier 
radio frequency signals that include modulated in- 
formation, characterised in that the receiver com- 
prises means (280) for keeping at least a part of the 
receiver powered depending on a state of a trans- 
mission, and a controller for turning off supply pow- 
er from another receiver part for a determined time 
depending on a state of the transmission. 

12. A receiver according to claim 11, further comprising 
a power down pin for switching down at least one 
of a phase locked loop (240), a step up converter 
(224, 225) and a demodulator (270). 



4. A method according to claim 3, characterised in 
that a low voltage power is received from a battery 
(221). 

5. A method according to claim 4, characterised In 
that an operating power is lead to the phase locked 
loop (240) directly from said battery (221). 

6. A method according to claim 4, characterised In 
that the voltage of said battery (221) is converted 
to a higher value with at least one step up converter 
(224, 225) and the supply power of said higher volt- 
age value is used to give power to at least one of 
said receiver parts (202, 204. 230,262). 

7. A method according to claim 6. characterised in 
that the said conversion is turned off for a deter- 
mined period of time between receiving two consec- 
utive bursts (105). 

8. A method according to claim 7. characterised in 
that the voltage of said battery (221) is converted 
to a second higher value with a step up converter 
(225) and the supply power of said higher voltage 
value is used for producing the output voltage of the 
phase locked loop (240), and said conversion is 



13. A receiver for receiving radio frequency signals 
which appear as bursts, the receiver comprising: 

35 

an oscillator (231) for producing a local fre- 
quency signal, 

a phase locked loop (240) for controlling the fre- 
quency of the local frequency signal, 

40 a mixer (234) for mixing the input signal with 

the local frequency signal for producing an in- 
termediate frequency signal, 
a demodulator (270) for producing a data 
stream of said information, and 

45 a power supply (221-225) for supplying power 

for the receiver, characterised in that the re- 
ceiver further comprises 
means (280) for keeping at least a part of the 
phase locked loop powered during a period be- 

50 tween two consecutive bursts to be received, 

and 

a controller for turning off the supply power from 
the another receiver part for determined time 
during the period between two consecutive 
55 bursts to be received. 

14. A receiver according to claim 13, characterised in 
that said power supply comprises a battery (221) 
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for providing low voltage power. 

15. A receiver according to claim 14, characterised in 
that the battery (221) is arranged to supply power 
directly to the phase lodged loop (240). 

16. A receiver according to claim 14. characterised in 
that the battery (221) is arranged to supply power 
directly to the demodulator (270). 

17. A receiver according to claim 14, characterised In 
that the power supply comprises at least one step 
up converter (224, 225) for providing power of high- 
er voltage from the low voltage power of the battery. 

18. A receiver according to claim 17. characterised in 
that a first step up converter (224) is arranged to 

provide power for at least one of following receiver 
parts, an input amplifier (202, 204), the mixer (234, 
237), and the oscillator (231. 236). 

19. A receiver according to claim 18, characterised in 
that the receiver comprises means (280) for turning 
off the first step-up converter for a determined time 
during said period between two consecutive bursts 
to be received. 

20. A receiver according to claim 17, characterised in 
that a second step up converter (225) is arranged 
to provide power for the phase locked loop (240) for 
producing the control signal for the oscillator (231). 

21. A receiver according to claim 20, characterised in 
that the receiver comprises means (280, 285) for 
turning off said second step-up converter (225) for 
a determined time during said period between two 
consecutive bursts to be received. 

22. A receiver according to claim 13, characterised in 
that the oscillator (231) is a voltage controlled os- 
cillator. 

23. A receiver according to claim 13, characterised In 
that the receiver comprises means (280, 281) for 
turning off the demodulator for a determined time 
during the period between two consecutive bursts 
to be received. 

24. A receiver according to claim 13, characterised In 
that at least one of the receiver parts comprises 
means for sensing a voltage of its supply power, and 
means for turning off the operation of the receiver 
part when the value of the supply voltage is lower 
than a determined threshold value for the supply 
voltage. 

25. A receiver according to claim 13, characterised In 
that the receiver further comprises a power down 



pin IC for turning down at least one of the phase 
locked loop (240), a step up converter (224, 225) 
and the demodulator (270). 
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(57) The invention relates generally to a method and 
an arrangement for receiving a radio frequency (RF) sig- 
nal and an RF receiver. Particularly the invention relates 
to controlling and reducing power consumption in a ra- 
dio receiver. The invention can advantageously be ap- 
plied in receiving arrangements of radio systems, 
wherein information is transferred in bursts, such as a 
receiver of Digital Video Broadcasting (DVB) system. 



According to the invention, during the time between two 
bursts the power supply is maintained in at least in some 
parts of the phase locked loop PLL (240), while one or 
several other parts (202, 204, 224. 225, 230, 262. 270) 
of the receiver are tumed off for a certain time period 
between the two bursts. The present invention enables 
fast tuner lock-in time and still offers a considerable sav- 
ing in total power consumption of the receiver. 
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